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ABSTRACT
The occupational uses of latex gloves may be associ-
ated with allergic rhinitis. Hypersensitivity to latex has
been shown to be IgE-mediated. However, late nasal
responses to latex have not been reported. The
present report describes a clinical and immunological
study of a dental nurse with work-related rhinitis
induced by the use of latex gloves. To examine
whether late nasal symptoms were associated with
infiltration of T cells and eosinophils and also with
preferential expression of T helper 2 (Th2) cell type
cytokine mRNA, nasal biopsies were performed
before and 24 h after latex provocation and were
processed for immunohistology and in situ hybridiz-
ation. Latex induced early and late nasal responses.
After latex provocation, the numbers of T cells and
eosinophils were markedly increased compared with
number on the control day. In situ hybridization con-
firmed Th2 type cytokine mRNA expression at 24 h
after latex provocation. These results suggest that
latex provokes IgE-mediated early and late nasal
responses and that late nasal symptoms are associ-
ated with an infiltration of T cells and eosinohils and
the production of Th2 type cytokines.
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INTRODUCTION
IgE-mediated hypersensitivity reactions to latex proteins
have been reported in recent veers.':" Several proteins of
latex have been shown to be reactive with sera of patients
with latex ollerqv.? The allergic responses to these proteins
may be severe and occasionally fatal. Hypersensitivity
responses to latex include urticaria, angioedema, rhinitis,
bronchospasm, anaphylaxis and death. 4,6,8, 10 Recent
reports suggest that health care workers, such as nurses,
surgeons and dentists, represent high-risk populations.
Although anaphylactic reactions resulting from latex
exposure are well described, late nasal responses have
not previously been documented. The purpose of the
present study was to clarify the nature of the inflammatory
cell infiltration and cytokine expression associated with
late nasaI responses after latex provocation.
Case report
A 24-year-old dental nurse first visited Brompton Hospital
on January 1992 following an 18 month history of nasal
blockage, watery rhinorrhea, sneezing and itching of the
hands and face. She worked as a dental nurse and had
noticed that her symptoms were worse at work and tended
to improve at weekends and during holidays. In addition,
she gave a more long-standing history of mild perennial
symptoms with house dust sensitivity. Skin prick testing
revealed strong positive reactions to house dust mite
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(4 mm-Bencard 1.2% (2801)) and latex (4 mm-in house
test solution of ammoniated latex 10 mg/mL); there was no
response to a negative (saline) control solution. She had
a raised latex-specific IgE concentration in her serum
(14.7% RAST binding) and a raised totallgE (936 IU/mL).
A RAST to house dust mite was not performed. Examination
of her nose revealed a mildly inflamed edematous nasal
mucosa with clear watery discharge. There were no other
abnormal findings. Lung function tests were normal.
The subject was admitted to hospital for confirmation of
the diagnosis of latex allergy by specific provocation testing.
prepared from cDNA for interleukin (IL)-4 and IL-5 as
described previouslv.P:'? Complementary DNA were
inserted into different plasmid vectors (pGEM; Promega
UK Ltd, Southampton, UK) and were linearized with
appropriate enzymes before transcription. Transcription
was performed in the presence of [3SS]-uridine triphos-
phate ([3SS]-UTP) and the appropriate T7 or SP6 RNA
polymerase. For in situ hybridization, 10 urn cryostat sec-
tions were processed on poly L-Iysine-coated slides.
Cryostat sections were permeabilized with 0.3% solution
of Triton X-100 in phosphate-buffered saline (PBS) for
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Nasal provocation with allergen was performed using pow-
dered latex gloves (Premier; Sherman Surgical Supply Ltd,
EastSussex, UK) and, on a separate occasion, unpowdered
latex-free gloves. We asked the patient to put on and take
off new pairs of gloves, in an exposure chamber, for 15 min.
Nasal symptoms were documented as the number of
sneezesbetween 0 and 30 min, 30 and 60 min, 1 and 4 h,
4 and 7 h, 7 and 10 hand 10 and 24 h. Nasal secretions
were collected on paper tissues and weiqhed.!' Blocking of
the nostril was recorded at the same time points, graded on
a severity scale of 0-5 (0, no blockage; 5, complete block-
age). Nasal biopsies (2.5 mm) 24 h after each challenge
were taken using Gerritsma forceps following local anes-
thesia with cocaine 3% and adrenalin 0.025% solution.
The patient was observed in hospital for 24 h following the
provocation tests.
METHODS
Nasal allergen provocation
Immunohistology
Nasal biopsies were snap frozen and processed for
immunostaining using the modified alkaline phosphatase
anti-alkaline phosphatase (APAAP) methods, as previously
described.U':'? Monoclonal antibodies used were for
T lymphocytes (CD3 (Leu-4)), total eosinophils (anti-major
basic protein (MBP) antibody (BMK13)) and 'activated'
cationic protein-secreting eosinophils (EG2; Kabia
Pharmacia, Milton Keynes, UK). BMK13 was kindly pro-
vided by Miss J Barkans and Dr R Moqbel (Imperial
College School of Medicine at National Heart and Lung
Institute, London, UK).14
In situ hybridization
Riboprobes, both antisense (complementary RNA) and
sense (having an identical sequence to mRNA), were
Fig. 1 Early (0-60 min) and late (1-24 h rhinoconjunctival
symptoms following powdered latex glove exposure test (e) or
control challenge test (0). (a) Eye symptoms, (b) sneezes,
(c) secretions and (d) nasal blocking.
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15 min and then with proteinase K (l I' g/ mL) in 0.1 rnol/L
Tris containing 50 mmollL EDTA (pH 8) for 15 min at
3rc. The reaction was terminated by immersion of the
preparation in 4% parafarmaldehyde for 5 min. In order .
to inhibit non-specific binding of 355, preparations were
treated with 10 rnrnol/ L iadaacetamide and 10 rn rnol/ L
N-ethlmaleimide for 30 min, 0.5% acetic anhydride in
0. 1 mo l/ l, triethanola mine for 10 min and 0.1 mo l/l,
triethanolamine for 2 min. Prehybridizotion was per-
formed with 50% formamide and 2 X standard saline
citrate (SCC) for 30 min at 40 'C. For hybrid ization, anti-
sense or sense probes (0.5 X 106 c.p .m./section) di luted
in hybridization buffer contain ing 100 mmallL dithio-
thrieol (DTT) were used. Hybridization was performed in a
humid chamber for 16 h at 42' C. Post-hybridization
washing was performed in a decreasing concentration of
SCC (4 X to 0.1X SCC) at 45' C. Unhybridized single-
stranded RNA were removed by treating preparations
with a 2 X SSC solution containing RNase A (20 I' g/ mL)
for 30 min at 4SOC. After dehydration, sections were
immersed in K-5 emulsion (liford, UK) and exposed for
10 days. The autoradiograp hs were developed in Kodak
D-19 (Kodak Ltd, Hempstead, Herts., UK) and counter-
stained with hematoxylin.
Positive controls for IL-4 and IL-5 were cytospins pre-
pared from a peripheral blood T-Iymphocyte clone
obtained from a patient with the hyper-lgE syndrome. This
clone was treated with concanavalin A and, after stimu-
lation, expressed mRNA for IL-4 and IL-5. For the negative
controls, nasal biopsies were hybridized using sense
probes for the relevant cytokines. In addi tion, sections
were treated with RNase A solution before the prehy-
bridization step and then hybridized with antisense probes.
Quantification
Positive cells for each monoclona l antibody were counted
' blind' in a coded random order using an O lympus BH-2
microscope (O lympus Optical Co. Ltd, Southall, Middx,
UK) with an eyepiece graticule (0.202 mm' ) at x 200. At
least two sections and six fields were counted for each
monoclonal antibody. The graticule was orientated along
the epithelial basement membrane ond subepithelial counts
for positive cells against each monoclon al antibody were
expressed as mean counts per high power field (h.p.L).
RESULTS AND DISCUSSION
Following latex exposure, the patient developed immedi-
ate and late nasa l responses over 2 4 h in contrast with
the control day (Fig. 1). The immed iate response was
sneezes, nasal secretion and blockage . Conversely, the
late response wos mainly nasal secretion ond blockage.
Late nasal secretion continued over 2 4 h; however, nasa l
obstructio n was evident only ot 10 h compared with the
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Fig. 2 Immunostaining (APM P
method) of the nasol mucosafor
CD3' T lymphocytes (a) ond
BMK 13' eosinophils (b) 24 h
after the powdered latex glove
exposure test.
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BMK-13 , anti-ma jo r basic protein antibody; EG 2, antibody aga inst
'octivoted' cationi c protein-secreting eosinophils; CD 3. antibody for
T lymphocytes; Il·4, iotede uktn-a : Il-S, interleukin-S.
Ta ble 1. Ce ll counts an d cytokine mRNA-positive cells pe r
field in the nasa l subep ithelial layer 2 4 h ofter latex or contro l
cha llenge
Axelsson JGK, Johansson SGO, Wrangsjo K. IgEmediated
anaphylactoid reactions to rubber. Allergy 1987; 42 :
46- 50
2 Turjanmaa K, Reunala T, Rosonen L. Comparison of diag-
nostic methods in latex surgical glove contact urticaria.
Co ntact Derm. 1988; 19: 241- 7.
REFEREN CES
Immunocytochemica l studies confirmed an intense T cell
and eosinophil (Fig. 2a,b) infiltrate at 24 h otter latex expo-
sure when compared with the control biopsy [Table 1). In
situ hybr id ization also confirmed an inc rease in the mRNA
expression of IL-4 (Fig. 3) and IL·5 com pared with the
control biopsy (Table 1).
Kurup et 01. has shown that latex ant igen induc ed Th2
type cyto kine prof i le expression afte r intra pe ritonea l an d
intranasa l exp osures o f latex in mice. IS Interl eukin-4 and
IL-5 mRNA and pro teins were detected in the spleen
cells and the sera of sensitized anima ls, respectively. We
have also demonstrated that Th2 type cytok ine profi le
was induced by latex provocation in human nasa l
airway.
A latex-induced late asthmatic response has been
shown by Brugnam i ef 0 1.19 They have studied a wo rk-
related late asthmatic response induced by latex and
have demonstrated that two of six nurses studied had
late asthmatic responses fo llowing a glove expos ure test.
As the patients had positive skin prick test and RAST
respon ses to latex extra cts, late responses were co nsid -
ered to be IgE-mediated. Moneret-Vaut rin et 0/. have
reported an immediate nasa l response fo llowing a latex
cha llenge test and observed eosinophilia in nasa l secre-
tions.2o In add ition to an ea rly nasa l response, we were
a lso able to dem onstrate a late nasa l respo nse fo llowing
la tex g love exposure. Furthermo re, we ha ve shown that
late respo nses were associa ted with infiltration o f T cells
and eos .nop hils in the nose. Although EG 2 + cells were
more prom inent than M BP+ cells , it is not surprising
because the co unts were pe rfo rmed on d ifferent sec-
tions. In general, however, the data support the fact that
all infiltrating eosinoph ils are indeed activated and
secreti ng ECR
In summary, these findings are entirely com patible with
those we have previously identified fallowing exposure to
common inhaled allergens, such as grass po llen" ·2i and
confirm that allergic IgE·med iated late-phase responses
in the target orga n fo llowing latex exposure are associ-
ated with T cell and eosinop hil recrui tmen t and expres-
sion of Th2 type cytokines.
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Contro l La tex
BMK· 13 (celis/h.pJ.) 2.3 9.7
EG2 (cells/ h.p.f.) 3.3 I I. 9
CD3 (celis/hpJ) 49.8 81 0
IL-4 (cells/b.o.f.l 4.0 13.3
IL·5 (cells/h .p.f.) 3.0 23.4
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Fig. 3 Autoradiographs of cryostat sections of the nasal
biopsy 24 h after latex exposure. Sections were hybridized with
a [35SJ· labeled antisense interleukin (ll ).4 probe.
con tro l day. Further exposure, possibly at a hig her dose,
may have resulted in early on set and mo re prolonged
obst ruction, although it was unethica l to perfo rm this.
Latex also pro voked slight cough ing and an early
(15 min) fal l in fo rced expiratory volume in one second of
12% compared with the control day and no late-phase
respon se in the lower a irways. The patient 's airway
responsiveness (histami ne PC,o) fell from > 16 to 6
mg/mL at 2 4 h after challenge. These results indicate an
equivoca l early asthmatic response with no late asthmat ic
response and a significa nt increase in airway histamine
responsiveness afte r cha llenge.
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